saturation of arterial blood was reduced after thoracotomy. In 1958, after the introduction of the blood gas electrodes, Campbell and coworkers2 showed that anaesthesia was often associated with an increased alveolar-arterial oxygen tension difference. Sometimes life threatening hypoxaemia can develop. It is generally held that the impairment of arterial oxygenation during anaesthesia is more severe in older subjects.3 Obesity is associated with a decrease in the oxygenation of blood,4 and smokers show more gas exchange impairment than non-smokers. 5 The impairment in arterial oxygenation has made it routine to increase the inspired oxygen fraction during anaesthesia to 0 3-0'4 during an uncomplicated procedure, and even higher during anaesthesia in obese, bronchitic, or elderly patients. Despite numerous studies the causes of impaired gas exchange during anaesthesia have remained unclear; it is not until the last decade that a better understanding ofthe underlying mechanisms have been elucidated. The application of two advanced techniques in anaesthesia accounts for most of our new insight into gas exchange impairment in the anaesthetised subject -the multiple inert gas elimination technique (MI-GET) and computed tomographic scanning (CT). However, before proceeding with the findings made with these techniques a short review of proposed mechanisms for impaired gas exchange during anaesthesia is presented.
cept of atelectasis" 30 years ago. They noticed successive decreases in lung compliance and arterial oxygen tension (Pao2) which returned towards normal after deep inflation ofthe lungs. The authors proposed slow development of absorption atelectasis. Other groups were unable to reproduce their results, however, but found a rapid decrease in compliance and arterial oxygen tension on induction of anaesthesia.378 Moreover, atelectasis could not be shown on conventional chest radiographs. Atelectasis was therefore considered to be an unlikely cause of impaired oxygenation during anaesthesia.
AIRWAY CLOSURE
In 1966 Milic-Emili and coworkers9 demonstrated airway closure in dependent lung regions during a deep expiration in awake, healthy volunteers. In view ofthe reduced functional residual capacity (FRC) during anaesthesia'0 the question arose as to whether airway closure was the cause of impaired gas exchange. Don Thilenius'7 showed that inhalational anaesthetics attenuated hypoxic vasoconstriction. In later studies Sykes and coworkers showed that most inhalational anaesthetics attenuate hypoxic vasoconstriction. 8 Bjertnaes, on the other hand, found that intravenous barbiturates did not reduce hypoxic vasoconstriction.'9 Results vary, however, presumably because of confounding factors obscuring the hypoxic vasoconstriction response.20 It should also be stressed that attenuation of hypoxic vasoconstriction does not cause impairment of the gas exchange unless an underlying disturbance of lung function causing a lowered Pao2 is present. Thus, release of hypoxic vasoconstriction by the anaesthetic agent augments an already existing impairment ofgas exchange, but does not lead to disturbances in an otherwise normally functioning lung. Ventilation-perffusion relationships during anaesthesia Mean (SD) ventilation-perfusion relationships in subjects with no cardiopulmonary disease (normal, n = 45)48 and patients with severe chronic obstructive pulmonary disease (COPD, n = 10),5°awake and during general anaesthesia and muscle paralysis This will be discussed further below. concluded that anaesthesia causes atelectasis. The rapid appearance of the densities following induction of anaesthesia and after discontinuation of PEEP of 10 cm H20 is against slow resorption of gas as a cause of atelectasis, '8 and another as yet unidentified mechanism remains to be found. This may be relaxation of the respiratory muscles, in particular the diaphragm, permitting the transmission of the higher intra-abdominal pressure into the intrathoracic cavity. Preliminary findings during phrenic nerve stimulation during anaesthesia show reduction of the atelectasis.
More recently, the VA/Q distribution has been correlated with CT findings during anaesthesia. The major VA/Q disturbance was once again shunt and very little low VA/Q4344 (fig 3) , and a good correlation between the magnitude of shunt and the size of atelectasis was seen (fig 4) . PEEP can reduce the atelectatic area but the effect on shunt varies; in some patients it falls and in others it increases.444'5 The continuing shunt despite PEEP can probably be explained by a redistribution of blood flow towards dependent, atelectatic regions.4' The intravenous anaesthetic agent ketamine, which does not reduce muscle tone, did not produce atelectasis or shunt as assessed by MIGET, whereas both were seen when the same patient was paralysed with a muscle relaxant.47 Atelectasis and shunt did not increase with age of the patients when data from several studies were pooled.48 Thus, the worsening of arterial oxygenation in the elderly348 needs another explanation. Figure 5 shows the dependence of shunt (probably caused by atelectasis) and perfusion of low VA/Q regions on age. In the awake state shunt is negligible and perfusion of low VA/Q regions is also small, although it increases with age. During anaesthesia shunt is much larger, but still essentially independent of age. Perfusion of low VA/Q regions increases both with anaesthesia and age. 48 
